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Abstract 

Based on 58 million BESII J/^ events, the ^*(892)°i^+7r- channel in K+K-t:+ ir- 
is studied. A clear low mass enhancement in the invariant mass spectrum of i^^vr" 
is observed. The low mass enhancement does not come from background of other 
J/'^ decay channels, nor from phase space. Two independent partial wave analyses 
have been performed. Both analyses favor that the low mass enhancement is the 
K, an isospinor scalar resonant state. The average mass and width of the k in 
the two analyses are 878 ± 23l^| MeV/c^ and 499 ± 52+^^ MeV/c^ respectively, 
corresponding to a pole at (841 ± - i(309 ± 45t^^) MeV/c^. 



Key words: k, low mass scalar, J/tp decays, K* {?>Q2)^ Kit 
PACS: 13.25.Gv, 14.40.Ev 



In the field of hadron spectroscopy, whether the low mass iso-scalar scalar 
meson, the a, exists or not had been an important but controversial problem 
for many years. Recently, its evidence has been reported [l]-[5] not only in tttt 
scattering, but also in various production processes. The a meson with a mass 
around 600 MeV/c^ and a broad width around 500 MeV/c^ is, now, widely 
accepted [6]. 

The evidence for the a meson suggests the possibility of a cr nonet, {(t(600), 
k(900), /o(980), ao(980) }, either in an extended linear sigma model reahzing 
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chiral symmetry [7] [8] or in a unitarized meson model [9] . The k has been ob- 
served in analyses on Kit scattering phase shifts [10] by several groups using a 
unitarized meson method [9], an interfering amplitude method [11] considering 
a repulsive background suggested by chiral symmetry, and a nonperturbative 
method [12]- [14] with an effective chiral Lagrangian. The observed mass and 
width values are scattered in the ranges from 700 to 900 MeV/c^ and 550 to 
650 MeV/c^, respectively, depending on the model used. Recently, a rather 
wider width around 800 MeV/c^ was reported [15] for the k in the analysis of 
i^TT scattering phase shifts with a T-matrix method including a prescription 
for zero suppression. Also recently, an analysis of LASS data on t^K scattering 
phase shifts using a unitarization method combined with chiral symmetry has 
found the k, with a slightly lighter pole mass [16]. However, some authors have 
found no evidence for the k [17]-[19]. A criticism [20] has been presented for 
the existence of the k based on unitarity and universality arguments, similar 
to the case of the a [21] [22]. 

Here, it is to be noted that in tttt and Kn scattering, effects due to a and 
K production result of chiral symmetry, largely cancelled by those 

due to non-resonant background scattering, while the cancellation mechanism 
does not necessarily work in the production process [23] . Therefore, it is more 
suitable for the investigation of ct/k, mesons to use the tttt/Kt: production 
process, which is parameterized independently of the scattering process [24] . 

Evidence for the n has been reported, recently, in the production process by 
the E791 experiment at Fermilab in the analysis of D'^ — > K~'k'^'k~ [25]. Pre- 
liminary K results have been reported [26] in the analysis of the Kti system 
produced in J/^ K*{m2fK+n- with BESl data. The FOCUS experi- 
ment has presented [27] evidence for the existence of a coherent Kti S-wave 
contribution to — > K^n^ii^iy. CLEO [28] has seen no evidence for the k 
in D° — > K'tt'^tt'^. Preliminary results on the k have also been reported in 
analyses of BESH data [29]-[31]. 

Here we report analyses of ^*(892)''i^+7r~ in J/ip ^ K^K~7r^7r~ to study 
the K. Partial wave analyses (PWA analyses) have been performed in J/ip ^ 
K*{892fK+TT- using 58 miUion J/ip decays obtained with BESH at the BEPC 
(Beijing Electron Positron CoUider) storage ring. The BESH detector is de- 
scribed in detail elsewhere [32]. 

In the event selection, four charged tracks with zero net charge are required 
for each event. Every charged track should have a good helix fit in the Main 
Drift Chamber (MDC), and the polar angle 6 of each track in the MDC must 
satisfy | cos^j < 0.8. The event must originate near the collision point; tracks 
must satisfy y/x^~+lj^ < 2 cm, | ;2 | < 20 cm, where x, y and z are space 
coordinates of the point of closest approach of tracks to the beam axis. Particle 
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Fig. 1. a) Scatter plot of M^+^- versus M^-^+ for BESII data, b) Scatter plot of 
M;^+^- versus Mj^-^+ for Monte Carlo simulation of J/V' ^ anything. 

identification is performed using combined TOF and dE/dx information, and 
two identified kaons and two identified pions are required. 

For a neutral track, it is required that it should have hits in the Barrel Shower 
Counter (BSC), the number of layers hit should be greater than one, the 
shower starts before layer 6, and its deposited energy is more than 50 MeV. 
The angle between the photon emission direction and the shower development 
direction of the track in the BSC should be less than 30°. An event associated 
with a neutral track(s) is rejected. 



Surviving events are fitted kinematically (4C kinematic fits) under the hy- 
potheses Jj^l) — i> K^K^-n^-n^ ^ 7r+7r^7r+7r^, K^K^K^K^ ^ i^+7r^7r+7r^, and 
n^K^-n^-n^ . It is required that xlci-^^^^'^^'^^) be less than 40. The sum 
of of the 4C kinematic fit, TOF, and dE/dx for K^Ti^-n-^ is required 
to be less than those for the 7r"'"7r~7r"'"7r~, K~^K~K~^K~ , K^n^TT^n' , and 
7i~^K~7i~^n~ hypotheses. 

In order to remove background from J/ip ^ ^tt+tt", events with |M^+^- — 
1.02| < 0.02 GeV/c^ are vetoed, and to remove J/^ K*{892fK'^ back- 
ground, events with |M.^+.^- — 0.497| < 0.04 GeV/c^ and R^y > 0.8 cm are 
vetoed, where Mk+k- and M^^+t^- are the invariant masses of K^K~ and 
7r+7r~, and R^y is the decay length of Ks transverse to the beam axis. 

Fig. la shows the scatter plot of M^+jr- versus Mx-^+ after all above re- 
quirements. Two bands of ^*(892)° and K*{^92)^ corresponding to J/ip ^ 
K*{892)^K+7r- and J/tp K*{892)°K-7r+ , respectively, are clearly seen. 
There is an accumulation of events in the region where the two bands cross, 
which is not seen in the scatter plot of Monte Carlo J/ip ^ anything events 
(shown in Fig. lb) obtained with the Lund-charm generator [33], which is 
described below. This accumulation comes from J/ip decaying to K*{892)^ 
(or i^'*(892)°) against a low mass enhancement. The invariant mass spec- 
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Fig. 2. a) Invariant mass spectrum for K^tt^ after the final selection except the 
K*{892)^ requirement. Events in the dark shaded area correspond to the data set 
in the present analyses, b) Recoil K~tt~^ mass distribution against the low mass 
enhancement {Mf^+^- < 0.8 GeV/cP). 

trum of K^-K^ is shown in Fig. 2a, where the ^*(892)'' peak is clearly seen. 
The requirement 0.812 GeV/c^ < M^-^+ < 0.972 GeV/c^ is imposed on the 
J/ip K+R-Ti+n- sample to select J/ip ^*(892)°ir+7r- events, the to- 
tal number of which is 24674. The PWA analyses are applied to the selected 
J/ip -> K*{892)^K+TT- sample. 

After the A'* (892)'^ mass requirement, the K^n^ invariant mass distribu- 
tion, shown as the solid histogram in Fig. 3a, has a clear i^'*(892)'^ peak, 
a peak around 1430 MeV/c^, and a broad enhancement in the low mass re- 
gion. The K~7r~^ mass distribution of the charge conjugate channel J/ip ^ 
K*{892)^K^7['^ , denoted as crosses in Fig. 3a, shows the same structures. 

Fig. 3c is the Dalitz plot of J/ip A'*(892)°i^'+7r", and the insertion is that 
of its charge conjugate channel. In the Dalitz plot, the two diagonal bands 
correspond to the low mass enhancement and the peak around 1430 MeV/c^ 
in the K~^7t~ invariant mass spectrum, and the horizontal band corresponds 
to Jjifj Ki{UOO)K and Ki{1270)K with 7^1(1400) and iri(1270) decaying 
to ^*(892)°7r^. The clear top diagonal band in the Dalitz plot indicates that 
the low mass enhancement observed in this decay does not come from phase 
space since phase space events would be uniformly distributed in the Dalitz 
plot. 

Though this low mass enhancement overlaps with the narrow K*{892)^, it can 
be clearly seen due to its broad structure. The spectrum of K'n'^ mass recoil- 
ing against the low mass enhancement {Mx+n- < 0.8 GeV/c^) is shown in Fig. 
2b, where a clear ^*(892)° peak can be seen. This means that the low mass 
enhancement is produced dominantly through J/i/j decays associated with the 
i?*(892)°. 
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Fig. 3. a) Invariant mass spectrum of K^t:^ . The solid histogram is the data 
after the final selection, the dark shaded histogram is the ^*(892)'' side-band spec- 
trum, and the dotted histogram is the invariant mass spectrum after side-band 
subtraction. Crosses with error bars show the charge conjugate state K~t:~^ from 
J/if) K* {^^2)^ K~ TT^ . b) Monte Carlo simulation compared with data. Crosses 
with error bars are data, and the solid histogram is Monte Carlo simulation, c) 
Dalitz plot of data, and d) that of Monte Carlo simulation. Those of the charge 
conjugate state are shown as inserts in b), c), and d). 

i^'*(892)'^ signals are clearly recognized in the K^t:~ spectrum against ^*(892)'^ 
side-band events (the dark shaded histogram) in Fig. 3a. The side-bands events 
are taken from the K~t[^ mass ranges directly neighboring to ^*(892)° with 
80 MeV/c^ widths. After side-band subtraction, the _ft'*(892)° peak is sup- 
pressed appreciably in the invariant mass spectrum of K^t^~ , as is shown in 
the same figure (the dotted histogram). This means that the i^r*(892)° peak 
mostly comes from background processes. The main part of the broad low 
mass enhancement remains after side-band subtraction, which indicates that 
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the broad low mass structure does not come from J/'^ decay processes which 
do not contain ^*(892)° in the final states. 

The main background channels for J/V' — ^ X*(892)°ir+7r~ are studied through 
Monte Carlo simulation. More than 20 J/'^ decay channels, including J ji) ^ 
7ir+X-7r+7r-, 77r+7r-7r+7r-, K*(892)±KT, K*{mifKs, and k*{mifKs de- 
cays are generated using uniform phase space generators, and no peak is pro- 
duced in the K^t^~ mass spectrum. This means that the low mass broad 
structure in the K+tt" mass spectrum does not come from these background 
channels. Prom the Monte Carlo simulation, we also see that the background 
level in J/V- ^ ir*(892)0ir+7r_- is about 1/7 of that in J/^/; ^ K^^R-ti^t^-. 
Therefore, we think J/%Ij ^ i^*(892)'^/^+7r~ is a good place to study the k. 
The background level ranges from 10 to 15 % in this analysis. 

We also study 58 million Monte Carlo J/V' — > anything events which are gen- 
erated using the Lund-charm model [33]. The generator is developed for sim- 
ulating J/ip inclusive decay. In the models, charmonium decays into hadrons 
via quarks and gluons are simulated. Quarks and gluons shower development 
and their hardronization are handled by the LUND string model. The model 
reproduces the main properties of hadronic events from J/%1) inclusive decay. 
The process, J/ip K*(892)k, is not included in the generator. Using the 
same selection criteria on this Monte Carlo sample as those for data, the scat- 
ter plot of Mx+TT- versus Mk-tt+ (Fig- lb), shows no accumulation of events 
around the region where the i^*(892)° and AT* (892)° bands cross. There is no 
corresponding broad low mass enhancement in the invariant mass spectrum 
of K+n- (or K-7r+) recoiling against K*{892f (or K*{892)^ for the charge 
conjugate channel) shown as the shaded area in Fig. 3b (or in the insertion of 
Fig. 3b), and there is no diagonal band of the low mass enhancement in the 
Dalitz plot of J/i/j K*{892fK+n- (or J/t/j K*{892fK-TT+). Because 
the generator of this Monte Carlo simulation does not contain the process 
J/ip ^ K*{892)k,, the Monte Carlo shows different structures at lower Ktt 
mass region from those of data. This difference just means that the low mass 
enhancement is not due to backgrounds coming from other J/ip decay chan- 
nels. 

In the PWA of J/ip K*{892fK+n-, the ir*(892)0 is treated as a sta- 
ble particle. After integrating over the K^n^ angular information, no inter- 
ference effect is expected between the charge conjugate processes, J/ip ^ 
K*{892fK+n- and K*{892fK'TT+ , if the sohd angle coverage of the detec- 
tor is An. We examined the interference effect taking into account the detec- 
tor acceptance and the width of the X*(892)° using Monte Carlo simulation 
and find that the interference effect in the cross region of the two i^'*(892)'' 
bands in the scatter plot is negligibly small, and that the interference between 
K*{892)°K+TT- and pKK (or K*j{U30)Ktt) is also negligible. We ignore these 
interferences in the PWA analyses. 
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Fig. 4. Decay mechanisms for a) J/V' —>■ K*{892)Rktt, b) J/tp KRk*^^, c) 
J/il) — > 'irRK*K, and d) J/^p K*Ktt. Rr-k , Rk*-w, and Rk*k are intermedi- 
ate resonant states decaying into i^vr, K*tt and K*K, respectively. K* denotes 
(892)0. 

We consider the K*{892)'^K7r channel in J ftp decays, with well defined quan- 
tum states recoiling against the K*{892)^, is suitable to study the k, in the 
Kn system. The K* {892)^X7: system simplifies the PWA, and backgrounds 
can be treated easily. To simplify the analysis, one of the charge conjugate 
states, K*{892)^K~^n~ , is used, and it has enough events for this analysis. As 
mentioned above, the analysis of this channel is not affected by the charge 
conjugate state, K* (892)'^ K~ ir'^ , since the interference between them is found 
to be negligibly small. 

Four decay mechanisms considered in our analyses are shown in Fig. 4. These 
are J/^ ^ K*Rk^ (Fig. 4a), J/^P ^ KRk^^ (Fig. 4b), J/^P ^ ttRk^k (Fig. 
4c) and J/ip ^ K*Kn (Fig. 4d), where Rxn, Rk*-k and Rk*k are inter- 
mediate resonant states decaying into Kn {k, Kq{14:30), f^all^SO), K2{1920)), 
K*Ti {Ki{1270),Ki{im)) and K*K (6i(1235)), respectively. (Here, K* de- 
notes K*{892f.) The independent PWA analyses by Method A and Method 
B have been performed on the K*{892)^K^7t~ channel. The same data set is 
used in both analyses. 

Method A is based on the covariant helicity amplitude analysis [34]. The 
maximum likelihood method is utilized in the fit. The fit is performed by using 
Breit-Wigner parameterizations with an s-dependent width, p(s), (See eq. (1) 
below.) for the low mass enhancement and with constant widths for the other 
intermediate states. Fits are also performed using two other parameterizations 
of constant width and of a width for the k using a unitarization approach with 
chiral symmetry [16] as follows; 
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Eq. (1) is for Method A, eq. (2) is for Method A-1, and eq. (3) is for Method 
A-2. 



The broad low mass enhancement is fit by a 0+ resonance. The possibihty that 
its spin-parity is 1~, 2+, • • • is excluded by at least 10a. If the kappa is re- 
moved from the fit, the log-likelihood becomes worse by 294. So, its statistical 
significance is above 20a. This iso-spinor scalar resonance is considered to be 
the K particle. The above parameterizations are tried for the k. Though these 
parameterizations have different behavior, the quality of the fits given by them 
is almost the same. This is because there are many resonances with interfer- 
ences between them, and changes in one can be compensated by changes in 
the others while keeping the total contribution unchanged. Though mass and 
width parameters given by these parameterizations are somewhat different, 
the shapes of the k obtained by these parameterizations are similar, and the 
pole positions are close to each other. 

The biggest peak at about 1430 MeV/c^ in the K^n^ spectrum is relatively 
complex, containing 0^, 1~, and 2"*" components. The O'*' and 2+ components 
are identified to be Kq{1A30) and ^2 (1430), respectively, and their masses and 
widths determined from the fit are consistent with PDG values [6]. A 1~ is 
included in the fit in this region. Changes by removing it are considered in the 
systematic uncertainties. In the higher K^n^ mass region, a broad resonance 
is needed. It is found that different treatments of it have little influence on 
the mass and width of the k. 

Xi(1270) and 7^i(1400) are used to fit the enhancement near threshold of 
the K*{892)^n~ spectrum, and 6i(1235) is used to improve the fit in the 
K*{892fK+ spectrum. Because the mass of fei(1235) _is below K*{892fK 
threshold, only the tail of 6i(1235) affects the fit of the K*{S92fK spectrum. 
Changes caused by removing the 6i(1235) are included in the systematic un- 
certainties. 

In the PWA, the backgrounds from the charge conjugate channel J/V' — > 
K*{892fK-TT+ and from J/^ K*{892fKs and Kg tt+tt" where 7r+ 
is misidcntified with are fitted by non- interfering amplitudes, and the 
background from other J/ ip decay channels, including J/ip ^ pKK are fitted 
by non- interfering phase space. The uncertainty of the background level is 
considered, and its infiuence on the mass and width of the k is estimated and 
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Table 1 

Masses, widths and pole positions of the n obtained by Methods A (eq. (1)), B 
(eq. (4)), A-1 (eq. (2)), and A-2 (eq. (3)). The mass and width values averaged for 
A and B are given. The first term errors are statistical ones and the second show 
systematic uncertainties estimated in the analyses. 



Mass (MeV/c^) 


Width (MeV/c2) 


Pole position (MeV/c^) 


Method A 874 ± 2htf^ 
Method B 896 ± 54^44 
Average 878 ± 23l^^ 


518 ± Qhtfj 
463 ± 88l|^ 
499 ± 52;^^ 


(836 ± 38i^?) - i(329 ± 66l^^) 
(865±70t^«)-z(271±67li) 

(841 ± mt\\) - i(309 ± 45l^^) 


Method A-1 745 ± 26^^^ 
Method A-2 1140 ± 39l8^ 


622 ± 77l^^ 
1370 ± 1561^48 


(799 ± 'iltfo) - i(290 ± 33l^^) 
(811 ± 74+^) - i(285 ± 20l4^) 



is put into the systematic errors. 



Since there exist broad K^n' resonances around 1430 MeV and those broad 
resonances and other background processes ir*(892), Kg-, and PS contribute 
in the k region , and because of the comphcated interferences between k and 
other resonances, different solutions are obtained in the fits. These solutions 
give almost the same fit quality and almost the same pole position of k. Un- 
certainties coming from the multi- solutions on the k parameters are included 
in the systematic errors. 

The fit obtained in the analysis is shown by the solid histogram in Fig. 5a for 
the K^t:~ invariant mass spectrum. The data are shown by crosses with error 
bars. The contribution of the k is shown by the dark shaded histogram. The fit 
of the X*(892)°7r~ invariant mass spectrum is shown by the solid histogram in 
Fig. 5c. The fit for the angular distribution of the whole K^t:~ mass region is 
shown by the solid histogram in Fig. 5e, and that for the angular distribution 
of the i^T+TT" mass below 1.0 GeV/c^ is shown by the histogram in Fig. 5g. 

The values for Breit-Wigner parameters of mass and width and those for the 

pole position for the k obtained in Method A are given in Tabic 1. Systematic 
uncertainties in the mass and width of the k include the changes from la vari- 
ations of the masses and widths of the other resonances, different treatments 
of background, and uncertainties from the fitting. 

Mass and width parameters of intermediate resonances and of those back- 
ground processes in the fit of Method A are tabulated in Table 2. Errors 
shown in the table are only statistical. 

Method B uses the VMW (Variant Mass and Width) method, a covariant field 
theoretical approach consistent with generalized unitarity [24]. In this method, 
the total amplitude is expressed as a coherent sum of respective amplitudes, 
corresponding to the relevant processes of strong interactions among all color- 
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Fig. 5. Analysis results by Method A. a) The K^tt~ invariant mass spectrum, c) 
The -Rr*(892)'^7r~ invariant mass spectrum, e) The angular distribution in the 
K^tt" center of mass system for the whole K^tt^ mass region, and g) that for 
the K^Tr~ mass region below 1.0 GeV/cP. Crosses with error bars are data. Solid 
histograms show fit results, and the dark shaded histogram in a) is the contribution 
from the k. Analysis results by Method B. b) The K^tt~ invariant mass spectrum. 
d)The .^*(892)°7r"invariant mass spectrum, f) The angular distribution in the 
K^TT~ center of mass system for the whole K^tt~ mass region with that for above 
1.0 GeV/c^ in the insertion, and h) that for the K~^7r~ mass region below 1.0 
GeV/c^. Crosses with error bars are data. Solid histograms are fit, and dark shaded 
histograms are contributions from the k. 
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Table 2 



Mass and Width values of intermediate resonance states and those of background 
processes in the fits of Method A and Method B. BG and PS denotes background 
and phase space, respectively. 





Method A 


Method B 


Resonances 


mass (MeV/c^) 


r (McV/c2) 


mass (MeV/c^) 


r (MeV/c2) 


K KtT 


874±25 


518±65 


896±54 


463±88 


K^iUSO) Kir 


1436 ±46 


348 ±55 


1448 ±37 


200^) 


K^{U30) Kit 


1434 ±7 


101 ±15 


1443 ±48 


97 ±16 


X(1430) (1-) ^ Kit 


1426 ±6 


152 ±16 


not included^) 


iq(im) - Kit 


1911 ±3G 


590 ±110 


1911 ±21 


2-11 ±95 


ii'i(1270) ^ K*{892)tt 


1279 ±10 


131 ±21 


1271 ±12 


104 ±33 


Ki(1400) ^ K*{892)tt 


1418 ±8 


152 ±16 


1429 ±31 


200^) 


61(1235) K*{892)K 


fixed^) 


fixed^) 


fixed^) 


fixed^) 


Direct ^*(892)0is:7r 


not included^) 


includcd^^ 


K*{892) BG ^ Ktt 


fixed^) 


fixed^) 


fixed^) 


fixed^) 


A'* (1410) BG — K- 


not. iucludod-^ 


lixtHll^ 


fixed 1^ 


Ks BG 


7156) 


466) 


7156) 


466) 


i^*(892)K7r PS BG 


included^^ 


included^) 


1) Bound for the lower 


imit which is set to be consistent with that of the PDG 



tables. 

2) The process is not included in the fit. 

3) Bound for the upper limit which is set to be consistent with that of the PDG 
tables. 

4) The value is fixed to that of the PDG tables. 

5) The process is included in the fit. 

6) The value is parameterized by the Monte Carlo simulation and fixed in the fit. 

singlet hadrons. As the bases of the S'-matrix for the strong interaction, a 
residual interaction of QCD, all unstable (or resonant) as well as stable hadrons 
which are to be color-singlet bound states of quarks, anti-quarks and gluons 
are to be included. The propagator of a resonant particle is given by the 
conventional Feynman propagator with substitution of ie by ^^/sV{s). 

For the scalar i^vr-resonant particles, Rk-k^s are the k and i^Q(1430). The 
Lagrangian of strong interaction, Cs, describing the process in Fig. 4a is taken 
to be the most simple form. This form and the corresponding decay amplitude 
are given by 
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E {^Ri^i.K;R + gRRK7r), 

R=K,K* 

R=K,K* 

where /S.r{sk%) is the Breit-Wigner formula with Tr{sk-k) = pgu/i^T^SKTr), 
describing the decay oi R = k and /Cq(1430), and Sh^hn* is the hehcity 

amphtude Sh^hn* = e^^^'^h^J^'^'K Sh^hi^.^R^^^'^ describes the yS'-matrix element 
out{RK*\J/'^)in, where e'^^ parametrizes the rescattering phase of out{RK*\. 
This form of !Fs is consistent with the generalized unitarity of the S'-matrix. 



The decay amplitudes through the tensor Rr-k^ Rk*tt, and Rk*k, denoted as 
y^D, ^Ki, and ^ftj, respectively, are obtained in a similar manner. The direct 
Ktt production amplitude is taken to be J-'^ij. = Sh^h^* ^KttG^^'^'' , which is from 
-^dir ~ 'CxTr^/i-f^^-f^TT. The total amplitude is given by the sum of all these 
amplitudes, 



T ^Ts^ Td^ ^Ki + ^61 + ^dir- (5) 

We also consider the background processes coming from — 1~ K*{892) and 
i<'*(1410) (decaying into K~^7r~), from Ks, and from phase space ii'*(892)i^7r, 
which are described by the amplitudes incoherent with the above JF. The 
details are described elsewhere [30]. The treatments of resonances and back- 
ground processes in this method are the same as those in Method A, except 
for the K*{U10)K*{892) and K*{892)Kn processes, as explained below. 

The least method is used for the fitting of the mass distribution of K~^7t~, 
that of K*(892)°7r~, and the angular distribution in the K+tt" system. 
The results obtained in this analysis are shown by the sohd histograms for 
the K'^7r~ invariant mass spectrum in Fig. 5b and for the X*(892)°7r~ mass 
spectrum in Fig. 5d. The data for the analysis are shown by crosses with error 
bars. The contributions of the k are shown by the dark shaded histograms 
superimposed on Figs. 5b and 5d. The results for the K'^ angular distributions 
in the whole K'^n~ mass region and below 1.0 GeV/c^ are shown by the solid 
histograms in Figs. 5f and 5h, respectively, and that for the mass region above 
1.0 GcV/c^ is inserted in Fig. 5f. The contributions of the k are also shown 
by the dark shaded histograms in the figures. 

The values for Breit-Wigner parameters of mass and width and pole position 
for the K obtained in the analysis of Method B are given in Table 1. Uncer- 
tainties are estimated on the same items as in Method A. Method B takes 
the direct ^*(892)°i^"'"7r~ process to be coherent and phase space background 
contribution to be incoherent. The contribution of the latter is estimated us- 
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ing the rcsTilts obtained in Method A. The uncertainties of it arc included 
in the systematic errors of the k, parameters. The ^*(892)°A'*(1410) amph- 
tude is taken as an incoherent background process. The i^*(892)° events are 
considered to be associated with K~t^'^ and/or k which are in the ^*(892)° 
region. No interference is expected between charge conjugate states. A co- 
herent ^* (892) 1410) amphtude is also examined, and the difference is 
also included in the uncertainty for the k parameters. Uncertainties for the 
n parameters contain also the change from la variations of the masses and 
widths of the other resonances and uncertainties of the fit. Mass and width 
parameters of intermediate resonances and of background processes in the fit 
by Method B are also tabulated in Table 2. Errors shown in the table are only 
statistical. 

The x^/d.o.f value is 1.10. We examined also the fit without the k resonance 
and obtained the value to be 2.83. In the latter, the parameters for the Kg 
background are fixed. 

The results obtained in the two analyses reproduce the data well and are in 
good agreement with each other. Both fits favor strongly that the low mass 
enhancement of the K^t:~ system is a resonance. The scalar resonance is con- 
sidered to be the k which is necessary in both fits. The average values for 
Breit-Wigner parameters of masses and widths for the k (given in the third 
row in Table 1) are obtained from Methods A and B, 

M« = 878 ± 23t^^ MeV/c^ r„ = 499 ± 52tp MeV/c^ 

where the first term errors are statistical ones. The second ones show total un- 
certainties, taking the largest values between systematic uncertainties of Meth- 
ods A and B. The average values are in good agreement with those obtained in 
the analysis of Kti scattering phase shifts [11]. The k parameters obtained are 
also consistent with those obtained in the analysis of — > i^~7r"'"7r+ in the 
E791 experiment [25] with M« = 797 ±19 ±43 MeV/c^ and r« = 410 ±43 ±87 
MeV/c^. The relative contribution for the kappa normalized for the total event 
number ranges between 0.08 and 0.25 taking the effects coming from the multi- 
solutions and systematic uncertainties in the analyses into account. 

Recent analyses [35] oi J/ip ^ 1~0~ decays and 0~0~ decays show the large 
amount of strong phases between relevant amplitudes. This fact suggests that, 
in the relevant J/ip ^ K*{892)Ktt decay, the Ktt system is not isolated out of 
the final three-body system, and accordingly in the decay amplitude the phase 
of the pure i^Tr-scattering amplitude is not directly observed experimentally. 

In Methods A and B, the phase of the total J/ip ^ K*{892)Ktt amplitude 
comes from a sum of respective contributions of the ^'-matrix elements with 
the final systems, K*{892)k, (892) K*( 1430), K*{892)K7r, etc. We obtained 
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the K resonance with width. — 500MeV/c^ in the Brcit-Wigncr parame- 
terization, which is consistent with the generahzed unitarity of S-matrix. This 
behavior is also consistent with the resuh of analysis of — > K'ti^tt^ pro- 
cess in the E791 experiment [25] . 

In conclusion, we have shown that the low mass enhancement in the invariant 
mass spectrum of K~^7r~ in the J /ip ^ ^*(892)''i^+7r~ decays comes neither 
from phase space, nor from other J/%1) decay processes. The angular distribu- 
tion of K in the K'k rest frame in the low mass region shows S-wave decay. 
Two independent analyses for the process, by the covariant helicity amplitude 
method and by the VMW method, have been performed, providing a cross 
check with each other. They reproduce the data well, and the results are in 
good agreement. The low mass enhancement is well described by the scalar 
resonance k, which is highly required in the analyses. Parameter values for BW 
mass and width of the k, averaged from those obtained by these two methods, 
are 878 ± 23^^^ MeV/c^ and 499 ± 52l^^ MeV/c^ respectively. They are in 
good agreement with those obtained in the analysis on the Kt^: scattering phase 
shifts. The pole position is determined to be (841 ± SOifg) - i(309 ± 45l7^) 
MeV/c^ from the average values. 
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